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BACKGROUND OF THE INVENTION 
[Field of the Invention] 

The present invention relates to a semiconductor 
device and a method for fabricating the same, and 
particularly to a semiconductor device including a MOS 
(metal oxide semiconductor) transistor and a method 
for fabricating the same. 

[Description of the Related Art] 

FIG. 6A to FIG. 6C show a method for fabricating 
a MOS transistor in a prior art. 

As shown in FIG. 6A, silicon oxide films 607 
having a predetermined pattern are formed on a 
silicon region 601. A source region 602 and a drain 
region 603 are formed on a surface of the silicon 
region 601. A gate oxide film 604 is formed on a 
channel region between the source region 602 and the 
drain region 603. On the gate oxide film 604, a gate 
electrode 605 and sidewalls (silicon oxide) 606 are 
formed . 

Next, as shown in FIG. 6B, a titanium layer 611 
is formed on a substrate. Predetermined annealing is 



then performed so that silicide (TiSi 2 ) is formed at 
an interface between the source region 602 and the 
titanium layer 611, an interface between the gate 
electrode 605 and the titanium layer 611, and an 
interface between the drain region 603 and the 
titanium layer 611. 

Subsequently, the titanium layer 611 is etched. 
As shown in FIG. 6C, the titanium layer 611 is 
removed and silicide 631, 632, and 633 at respective 
interfaces remain. 
PI The MOS transistor is formed on an SOI (silicon 
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on insulator) substrate so that the operation of the 
MOS transistor can be speeded up. However, the 
formation of -the silicide on the gate electrode 
sometimes causes the reduction in operation speed of 
X the MOS transistor. 

fU SUMMARY OF THE INVENTION 

It is an object of the present invention to 
further speed up the operation of an MOS transistor. 

According to one aspect of the present invention, 
provided is a semiconductor device comprising: a 
source region formed. of a semiconductor; a drain 
region formed of the same conductive semiconductor as 
that of the source region; a channel region formed of 
a semiconductor between the source region and the 
drain region; a gate insulating film provided on the 
channel region; and a gate electrode provided on the 
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gate insulating film and formed with a P-N junction 
including a P-type semiconductor region and an N-type 
semiconductor region. At this time, the P-type 
semiconductor region and the N-type semiconductor 
region of the P-N junction of the gate electrode are 
electrically insulated. 

The P-type semiconductor region and the N-type 
semiconductor region of the P-N junction of the gate 
electrode are electrically insulated, thereby 
reducing capacitance between the gate electrode and 
the channel region. The MOS transistor includes the 
source region, the drain region, and the gate 
electrode. The reduction in the aforesaid 
capacitance lowers the CR- time constant, which 
enables the speedup of the MOS transistor. 



BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a plan view of a semiconductor device 

according to an embodiment of the present invention; 
FIG. 2 is a cross-sectional view of the 

semiconductor device taken along the II - II line in 

FIG. 1; 

FIG. 3 is a cross-sectional view of the 
semiconductor device taken along the III -III line in 
FIG. 1 ; 

FIG. 4 iyB a cross-sectional view of a 
semiconductor device fabricated by a fabricating 
method in FIG. 5A to FIG. 5F; 



FIG. 5A to FIG. 5F are views showing the method 
for fabricating the semiconductor device according to 
the embodiment of the present invention; and 

FIG. 6A to FIG. 6C are views showing a method for 
fabricating a semiconductor device in a prior art. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 1 is a plan view of a semiconductor device 
according to an embodiment of the present invention. 
A cross-sectional view taken along the II -II line in 

0 FIG. 1 is shown in FIG. 2 and a cross-sectional view 
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(jg taken along the III - III line in FIG. 1 is shown in 
,k FIG. 3. In this semiconductor device, a MOS 
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transistor is formed on an SOI substrate. 

In FIG. 1, a first gate electrode (poly silicon 
for a gate) 103 is formed between a source region 101 
and a drain region 102. Second gate electrodes (poly 
silicon for separators) 104 are formed at both sides 
of the first gate electrode 103. The first gate 
electrode 103 and the second gate electrodes 104 are 
connected. The first and second gate electrodes 103 
and 104 are preferably integrated. Body contact 
regions 105 are formed outside the second gate 
electrodes 104 respectively. 

An example in which the MOS transistor is an N- 
channel MOS transistor will be explained. The second 
gate electrodes 104 each include an N-type 
semiconductor region 104a and a P-type semiconductor 
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region 104b, and a P-N junction 106 is formed 
therebetween. A method for fabricating this 
structure will be explained. A region 111 and a 
region 113 are masked and N-type impurities are ion- 
implanted in a region 112 so that the source region 
101, the drain region 102, the first gate electrode 
103, and the second gate electrodes 104a can be made 
to be an N-type semiconductor region. Next, the 
region 112 is masked and P-type impurities are ion- 
implanted into the region 111 and the region 113 so 
that the body contact regions 105 and the second gate 
electrodes 104b can be made to be P-type 



semiconductor regions. 

py 

!i In FIG. 2, in the SOI substrate, a buried 
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insulating film (a silicon oxide film) 204 is formed 
on a substrate region 205 made of silicon, and a 
silicon layer 206 is formed on the buried insulating 
U film 204. In the silicon layer 206, the N-type 
source region 101, a P-type body region 203, a 
channel region 202, and the N-type drain region 102 
are formed. The channel region 202 is provided on a 
surface of the silicon layer 206 between the source 
region 101 and the drain region 102 and formed on the 
body region 203 in connection therewith. A gate 
oxide film (a silicon oxide film) 201 is formed on 
the channel region 202. The gate electrode (poly 
silicon) 103 is formed on the gate oxide film 201. 

In FIG. 3, on a surface of the P-type body region 
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(silicon) 203, the body contact region 105 having a 
higher P-type impurity concentration is formed. The 
channel region 202 is, as shown in FIG. 2, provided 
between the source region 101 and the drain region 
102. The first gate electrode (poly silicon) 103 is 
formed on the channel region 202 with the gate oxide 
film 201 therebetween. The second gate electrode 
(poly silicon) 104a and 104b is formed on a part of 
the body region 203 on which the channel region is 
not formed, with the gate oxide film 201 therebetween. 

The body region 203 is the P-type semiconductor. 
As explained in FIG. 1, the first gate electrode 103 
and the second gate electrodes 104a are made to be 
the N-type semiconductors by masking the regions 111 
and 113 and performing ion-implantation, while the 
second gate electrodes 104b and the body contact 
regions 105 are made to be the P-type semiconductors 
by masking the region 112 and performing ion- 
implantation. The body contact region 105 has the 
higher P-type impurity concentration than that of the 
body region 203. A potential of the body region 203 
can be fixed by supplying a prescribed potential to 
the body contact region 105. 

Between the N-type second electrode 104a and the 
P-type second electrode 104b, the P-N junction 106 is 
formed. This embodiment is characterized in that a 
P-type region and an N-type region of the P-N 
junction 106 of the second gate electrode are 



electrically insulated by an insulating film 301 
which is formed on the second gate electrode. 

If a MOS transistor is formed by a prior method 
shown in FIG. 6A to FIG. 6C, silicide 632 is formed 
on a gate electrode 605 as shown in FIG. 6C. In 
other words, as shown in FIG. 4, silicide (TiSi2) 401 
is formed on the first gate electrode 103 and the 
second gate electrode 104a and 104b. Consequently, 
the P-N junction 106 of the second gate electrode is 
covered with the conductive silicide 401. 

A gate terminal 311 is a terminal for supplying a 
gate voltage to the first gate electrode 103 or the 
second gate electrode 104a and 104b. A body terminal 
312 is a terminal for supplying a body voltage to the 
body region 203 via the body contact region 105. An 
electrically equivalent circuit between the gate 
terminal 311 and the body terminal 312 will be 
explained. Between the gate terminal 311 and the 
body terminal 312, capacitance CI and capacitance C2 
are connected in parallel. The capacitance CI is 
capacitance between the P-type second electrode 104b 
and the body region 203. The capacitance C2 is 
capacitance between the N-type second electrode 104a 
and the body region 203. Capacitance CO between the 
gate terminal 311 and the body terminal 312 can be 
expressed by the following formula 1. 

CO = CI + C2 • • • (1) 

The smaller the capacitance CO is, the smaller a 



CR time constant becomes, which enhances the speed of 
the MOS transistor. Since the usage of the SOI 
substrate can originally prevent a parasitic device 
from being formed, the MOS transistor can speed up. 
In this embodiment, the capacitance CO is made to be 
smaller to reduce parasitic capacitance occurring to 
the gate electrode so that the speed of the MOS 
transistor is further improved. 

In this embodiment, as shown in FIG. 3, the P- 
type region and the N-type region of the P-N junction 
106 of the second gate electrode are electrically 
insulated by the insulating film 301 formed on the 
second gate electrode. A film 302 may be an 
insulating film or a silicide film (a conductive 
film) . Preferably, the film 302 is the silicide film 
to reduce connection resistance to gate wiring of the 
gate electrode. The first gate electrode 103 and the 
second gate electrode 104a are both N-type and 
connected with each other, that is, integrated 
electrically as well as physically. 

The gate terminal 311 is the terminal for 
supplying a gate voltage to the first gate electrode 
103 or the second gate electrode 104a. The body 
terminal 312 is the terminal for supplying a body 
voltage to the body region 203 via the body contact 
region 10 5. 

An electrically equivalent circuit between the 
gate terminal 311 and the body terminal 312 is 



explained. Between the second gate electrode 104a 
and the body terminal 203, the capacitance C2 exists. 
Further, between the N-type second gate electrode 
104b and the P-type second gate electrode 104b, 
capacitance C3 exists. Furthermore, between the 
second gate electrode 104b and the body region 203, 
the capacitance CI exists. Accordingly, between the 
gate terminal 311 and the body terminal 312, the 
capacitance C3 and the capacitance CI are connected 
in series and the capacitance C2 is connected to the 
series connection in parallel. The capacitance CO 
between the gate terminal 311 and the body terminal 
312 can be expressed by the following formula 2. 
CO .= {CI X C3 / (CI + C3) } + C2 • • (2) 
The capacitance CO in formula 2 and the 
capacitance CO in formula 1 will be compared. In 
formula 2, since the capacitance CI is larger than 0, 
C3/(C1 + C3) naturally becomes smaller than 1. As a 
result, the capacitance CO in Formula 2 becomes 
smaller than CI + C2 . In other words, the 
capacitance CO in formula 2 becomes smaller than the 
capacitance CO in formula 1 . 

In the embodiment in FIG. 3, the capacitance CO 
can be made smaller than that in the case of FIG. 4. 
The smaller the capacitance CO is, the smaller the CR 
time constant becomes, which enables the speedup of 
the operation of the MOS transistor. 

The extent to which the improvement in speed can 



be expected in the semiconductor device shown in FIG. 
1 to FIG. 3 will be explained. In FIG. 1, fox- 
example, the length LI of the second gate electrode 
104 in a vertical direction of the drawing is 0.5 \x m . 
The length L2 of the second gate electrode 104a in 
the vertical direction is 0.3 \x m . The length L3 of 
the gate electrode 103 in the vertical direction is 2 
jum. The length L4 of the body contact region 105 in 
a horizontal direction is 2 ^m. 

In FIG. 2 and FIG. 3, a film thickness of the 
gate oxide film 201 is defined as d, a total area of 
the first gate electrode 103 and the second gate 
electrode 104 is defined as S, an area of a part of 
the body contact region 105 covered with the gate 
oxide film 201 is defined as SI, and a dielectric 
constant of the gate oxide film 201 is defined as e . 

When the structure in FIG. 4 is employed, the 
capacitance CO between the gate and the body can be 
expressed by the following formula 3. 

CO = £ X ( S — SI) / d + e X SI / d- • • (3) 

Meanwhile, in the embodiment in FIG. 3, when 
junction capacitance of the P-N junction 106 is 
defined as C j , the capacitance CO between the gate 
and the body can be expressed by the following 
formula 4 . 

CO = e X (S - SI) / d + 1 / (d / f X SI + 
Cj) • • • (4) 

In the structure in FIG. 1, values of the areas S 
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and SI and so on are obtained and a ratio CO X Vdd / 
Ids (VDD: power source voltage, Ids: saturation 
current) is calculated to compare the speed in the 
structure in FIG. 3 with the speed in the structure 
in FIG. 4. As a result, it is found that the 
reduction in speed is suppressed in the structure in 
FIG. 3 and the effect is larger as the capacitance Cj 
becomes smaller. If the capacitance Cj is equal to 
capacitance of the gate oxide film, delayed time is 
shortened by approximately 25% compared with that in 
the structure in FIG. 4, while even if the 
capacitance Cj is approximately 10 times the 
capacitance of the gate oxide film, the delayed time 
can be expected to be shortened by approximately 5% . 



FIG. 5A to FIG. 5F show an example of a method 
for fabricating the semiconductor device shown in FIG 
1 to FIG. 3. 

An SOI substrate is first prepared. The SOI 
substrate includes, as shown in FIG. 2, the substrate 
region 205 made of silicon, the buried insulating 
film 204, and the silicon layer 206. In FIG. 5A, the 
silicon layer exists on a substrate region 501 made 
of silicon and a buried insulating film 502. 

As shown in FIG. 5A, silicon oxide films 508 are 
formed by LOCOS (local oxidation of silicon). Then, 
a surface of the substrate is etched and oxidized 
again to form a gate oxide film (a silicon oxide 
film) 506 on the surface of the substrate. 
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Subsequently, a gate electrode 507 having a 
predetermined pattern is formed. Next, in order to 
form an LDD (lightly doped drain) , N-type impurities 
are ion-implanted with the gate electrode 507 as a 
mask so as to form N-type regions 504 and 505. A 
body region 503 is a P-type region. 

Then, as shown in FIG. 5B, a silicon oxide film 
is formed on the substrate and etched with a 
predetermined pattern to leave a silicon oxide film 
513 and a gate oxide film 506a. N-type impurities 
are next ion- implant ed with the oxide film 513 and so 
on as masks to form N-type source region 511 and 
drain region 512. 

Subsequently, as shown in FIG . 5C, a titanium 
layer (a metallic layer) 521 is formed on the 
substrate. Thereafter, predetermined annealing is 
performed so that silicide (TiSi 2 ) is produced at an 
interface between the source region 511 and the 
titanium layer 521 and an interface between the drain 
region 512 and the titanium layer 521. Since the 
gate electrode 507 is covered with the silicon oxide 
film 513, the silicide is not produced on a surface 
of the gate electrode 507. Incidentally, the 
material of the metallic layer 521 is not limited to 
titanium and may be another metal. 

Then, the titanium layer 521 is etched with aqua 
regia, and the titanium layer 521 is removed as shown 
in FIG. 5D. Silicide 531 remains on a surface of the 
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source region 511 and silicide 532 remains on a 
surface of the drain region 512. 

Next, the silicon oxide film 513 is etched so 
that silicon oxide films 513a remain as sidewalls as 
shown in FIG. 5E. 

Subsequently, a silicon oxide film is formed on 
the substrate and etched into a predetermined pattern 
to form silicon oxide films 551, 552, and 553 as 
shown in FIG. 5F. Source wiring can be formed at an 
opening on the silicide 531. Drain wiring can be 
formed at an opening on the silicide 532. Further, 
gate wiring can be formed by forming a contact hole 
554 in the silicon oxide film 552. Incidentally, the 
step in FIG. 5E may be omitted. 

As explained above, the titanium layer 521 is 
formed on the substrate while the gate electrode 507 
is covered with the silicon oxide film 513 to form 
the silicide only on the source region 511 and the 
drain region 512 so that the silicide can be 
prevented from being produced on the gate electrode 
507. Incidentally, it is also suitable that the 
silicide is prevented from being produced on the gate 
electrode by other methods or that the silicide is 
formed on the gate electrode and the produced 
silicide is removed from the surface of the gate 
electrode . 

Moreover, although no silicide is formed on the 
gate electrode in the above-described fabricating 



- 13 - 



steps, it is also appropriate that, in FIG. 1, the 
silicide is formed on the gate electrodes 103 and 
104a and the silicide is not formed on the gate 
electrode 104b by covering it with a silicon oxide 
film. For example, in the step in FIG. 5B, the 
silicon oxide film on the gate electrodes 103 and 
104a may be removed simultaneously when the silicon 
oxide film is etched. Alternatively, a step in which 
the silicon oxide film on the gate electrodes 103 and 
104a is removed may be additionally provided before 
the step in FIG. 5C. 



S3 

rg Furthermore, it is also suitable that the 

Ip 

silicide is uniformly formed on the gate electrodes 
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lj\ and only the silicide on the gate electrode 104b of 
the formed silicide is removed from the surface of 
the gate electrode. 

The silicide layer is formed on the aforesaid 
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fU source/drain in order to obtain an advantage that 



resistance of a surface of the source/drain is 
further lowered to reduce connection resistance to 
the source/drain wiring so that the operation of the 
transistor can be speeded up. 

According to this embodiment, as shown in FIG. 3, 
the P-N junction 106 on the surface of the second 
gate electrode is electrically insulated so as to 
reduce the capacitance CO between the gate and the 
body. The smaller the capacitance CO is, the smaller 
the CR time constant becomes, and the speed of the 
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MOS transistor can be enhanced. 

Incidentally, the MOS transistor is not limited 
to the N-channel MOS transistor and may be a P- 
channel MOS transistor. 

It should be noted that the above-described 
embodiment is just a concrete example for carrying 
out the present invention, and therefore the 
technical range of the present invention is not 
intended to be interpreted in a narrow sense by it. 
In other words, the present invention can be realized 
in various forms without departing from its technical 
idea or its primary characteristics. 

As described above, the P-type semiconductor 
region and the N-type semiconductor region of the P-N 
junction of the gate electrode are electrically 
insulated so that the capacitance between the gate 
electrode and the channel region becomes smaller. 
The MOS transistor includes the source region, the 
drain region, and the gate electrode. By making the 
above capacitance smaller, the CR time constant 
becomes smaller, and the speed of the MOS transistor 
can be enhanced. 
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